The effects of cefotaxime and ceftriaxone treatment on nasopharyngeal carriage of Haemophilus influenzae type b (Hib) were prospectively studied with 53 children with invasive Hib disease. Nasopharyngeal aspirates were monitored during therapy. Hib was eliminated within 2 days in 92% of patients and was eliminated in all patients after the third day of antibiotic treatment.
The effects of cefotaxime and ceftriaxone treatment on nasopharyngeal carriage of Haemophilus influenzae type b (Hib) were prospectively studied with 53 children with invasive Hib disease. Nasopharyngeal aspirates were monitored during therapy. Hib was eliminated within 2 days in 92% of patients and was eliminated in all patients after the third day of antibiotic treatment.
Authoritative guidelines (1, 3, 5) have led to the routine practice of providing rifampin prophylaxis to family members and other close contacts of index patients with Haemophilus influenzae type b (Hib) disease in order to prevent secondary spread of infection. Often, as part of the prophylaxis, the index patient receives rifampin as well as the contacts. Because ampicillin and/or chloramphenicol do not eliminate nasopharyngeal carriage of Hib, a rifampin prophylaxis regimen was devised. Widespread ampicillin resistance in Hib (30% in this study) necessitates the use of the broad-spectrum cephalosporins (cefotaxime [CTX], ceftriaxone [CRO], etc.), which have become the mainstay of therapy for invasive Hib disease. Because there have been no published studies that specifically address the effects of broad-spectrum cephalosporins on nasopharyngeal carriage of Hib, a prospective study of the effects of CTX and CRO on Hib carriage was conducted. The results indicate that a change in infection control practices should be considered as should the approach to prophylaxis with rifampin if children have received CTX or CRO.
Nasophyngeal aspirates (NPAs) and/or epiglottic swabs were obtained (within 24 h of admission) from 53 children admitted to the Adelaide Children's Hospital for suspected invasive Hib disease. NPAs were collected with a suction catheter (French, gauge 7 or 8) and a specimen trap. Catheter contents were rinsed with 5 ml of sterile N saline, the suspension was centrifuged at 5,000 rpm for 15 min, and the pellet was resuspended in 100 l of saline, streaked onto chocolate blood agar, and incubated overnight at 37ЊC in 5% CO 2 . Hib was identified by routine methods, and antibiotic susceptibility was tested with National Committee for Clinical Laboratory Standards methodology (7a). If Hib was grown from the first NPA, a second NPA was, where possible, collected within 48 h. Blood cultures (BCs) were obtained from all but three patients upon admission. Other investigations, such as lumbar puncture, were carried out where clinically indicated. Epiglottic swabs (instead of NPAs) were obtained at the time of intubation from 21 of 22 patients admitted with acute epiglottitis. Treatment (CTX or CRO) was assigned by the admitting team. The study was approved by the Adelaide Children's Hospital Research Ethics Committee.
A total of 53 patients (25 males and 28 females) with invasive Hib disease were diagnosed by isolation of Hib from a normally sterile site or from epiglottis swabs (in clinically diagnosed cases of epiglottitis). The patients included 18 with meningitis, 22 with epiglottitis, 8 with periorbital cellulitis, 3 with cellulitis of another site, 1 with septic arthritis, and 1 with pneumonia. The mean age was 30.6 months (Ϯ 23.7 months; range, 2.3 to 104 months). Demographic details about the patients are set out in Table 1 . Twenty-one of the 22 epiglottitis patients had epiglottic swabs done at the time of tracheal intubation. Twenty-one of the remaining 31 patients had NPAs collected within 24 h of admission, and all patients found positive had a further NPA collected within 48 h. The flow chart in Fig. 1 indicates the specimens collected and times of collection together with culture results. Samples were taken from 36 patients between 24 and 48 h from commencement of therapy. Of these, 30 were re-samples. Four patients (two with epiglottitis [CTX] and two with meningitis [one treated with CTX and one treated with CRO]) had scanty growth of Hib (one to five colonies) from NPAs at 25.8, 37.2, 36, and 40.8 h, respectively. These patients were negative on resampling within a further 24 h. Thus, cumulatively, 49 of 53 (92.4%) patients had negative NPAs between 24 and 48 h after commencement of therapy, and all patients ceased to have detectable colonization with Hib after 3 days of CTX or CRO therapy. BC results together with preadmission antibiotic exposure are set out in Table 2 . It is noteworthy that only 5 of 17 (29.4%) patients exposed to antibiotics immediately prior to admission had positive NPAs at admission compared with 20 of 32 (70.3%) patients who had not received previous antibiotic (P ϭ 0.027; Fisher's exact test).
It is well known that ampicillin and/or chloramphenicol fails to eliminate nasopharyngeal carriage of Hib (1). In Table 3 , the Hib clearance rate is compared with rates obtained by others using ampicillin and chloramphenicol (4-6). Such therapy left 9 to 23% of patients colonized after 4 days of treatment, whereas in the CTX-CRO study, Hib was eliminated within 48 h from the commencement of therapy in 92% of patients. It is noteworthy that the three previous studies used cotton pharyngeal swabs, whereas this study used NPAs. Therefore, differences in the values could reflect the method of collection; however, the initial colonization rate in this study was the same as that in two of the studies cited (2, 4), which would indicate the collection methods were comparable. The dosage protocols for intravenous CRO were 100 mg/kg of body weight once daily for meningitis and 50 mg/kg once daily for epiglottitis, and the dosage protocols for CTX were 50 mg/kg/6 h (200 mg/kg/day) for meningitis and 100 mg/kg/day for other Hib disease. These protocols were followed closely. Antibiotic susceptibilities of the Hib isolates showed that 13 of the 43 (30.2%) isolates tested were resistant to ampicillin. Resistance to chloramphenicol was detected in two isolates. No patients received rifampin during the study.
It is known that CRO successfully eliminates nasopharyngeal carriage of Neisseria meningitidis (8) . This knowledge, together with the limited value of rifampin in preventing Hib disease (4) , encouraged the present study of the effects of broad-spectrum cephalosporins on nasopharyngeal carriage of Hib during therapy. The advent of Hib conjugate vaccines has had an impact not only on rates of Hib disease but also on Hib carriage in vaccinees. In Australia, Hib disease was common at the time of this study, with up to 700 cases of invasive disease reported annually (7) . Hib conjugate vaccines were licensed in 1993, and the incidence of disease or carriage is falling as vaccine uptake rates increase. In countries not yet using the vaccine, Hib disease will continue to be a common problem. Thus, the results of this study remain relevant to the management of Hib disease, when it occurs, and the prevention of secondary cases.
It is noteworthy, however, that at the Adelaide Children's Hospital, only one patient has been readmitted with a second episode of Hib infection several months after the initial infection was treated with CTX. For comparison, the total number of patients treated with CTX or CRO for invasive Hib disease in the prevaccination era (1985 to 1992) was 217 (5a), which indicates that second-episode disease is a rare event after treatment with these broad-spectrum cephalosporins. Although strain characteristics were not examined in the example mentioned above, it is possible the reinfecting strain was different from the initial strain.
Obtaining postdischarge follow-up NPAs was not feasible in this study but would be needed in a future study to assess the frequency of recolonization with Hib; however, second-episode disease or secondary cases are rare in our experience. Recolonization rates reflect the prevalence of the organism in the community and the various exposure-risk settings for the individual child.
On the basis of this study, we can conclude that barrier nursing measures can be removed after 3 days of intravenous CTX or CRO therapy and that treatment of the index patient with rifampin can almost certainly be avoided if these antibiotics have been given at the recommended dosage for at least 72 h.
